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Essential hypertension (EH) is a multifactorial disorder determined by the interaction of environmental and genetic factors. EH patients' responses to these factors may vary, depending on differences in their genes
that determine the physiological systems that mediate the response. The purpose of this investigation was to clarify the contributions of genetic background and lifestyle to EH through an association study using some common single nucleotide polymorphisms (SNPs) that should have functional effects on EH phenotypes. We studied the associations between common SNPs of some causal genes related to EH and lifestyle in a Japanese population. The variants of the causal genes were selected based on their functions, including: obesity (adrenergic, -3-, receptor: ADRB3), alcohol consumption (aldehyde dehydrogenase 2: ALDH2),
Introduction
Hypertension affects 1 billion people worldwide and is implicated in 7.1 million deaths each year due to ischemic heart disease and stroke (www.who.int/en/index.html). Essential hypertension (EH) is a multifactorial disorder caused by the interaction of environmental and genetic factors. It is most likely that there are several causal genes, which together account for 30% to 50% of the blood pressure variation found among individuals ( 1 ) . It is clear from familial and epidemiological studies that hypertension occurs as a result of a complex interplay between genetic and environmental lifestyle exposures ( 2 ) . EH subjects happen to have inherited an aggregate of genes related to hypertension and/or have been exposed to exogenous factors that predispose them to hypertension.
It is quite remarkable that obesity and salt intake have consistently been shown to be risk factors for hypertension worldwide. Some of the other well-recognized risk factors are alcohol intake, inactivity, and psychosocial stress ( 3 ). Lifestyle factors have long been recognized as playing an important role in the pathogenesis of EH. Individuals may vary in their responses to these factors depending on differences in their genes that determine the way their physiological systems mediate responses.
During the last several years, many genetic susceptibility variants have been reported to be associated with multifactorial diseases. A few causal variants have been proven to have a functional effect on gene expression or protein structure, resulting in phenotypic differences. Furthermore, among the variants mentioned above, very few are considered common variants. To the best of our knowledge, the human aldehyde dehydrogenase 2 (ALDH2) gene ( 4 ) is the most famous variant proven to have a relationship between a genetic variant and alcohol consumption as a phenotype. No reports have examined the relationship between multiple common variants and EH.
The purpose of this investigation was to clarify the contributions of genetic background and lifestyle to EH through an association study using common variants that are known to have functional effects in the phenotypes of multifactorial disorders. In particular, we studied the associations between common variants of some causal genes related to lifestyle and EH in a Japanese population. The candidate genes were selected based on their functions, and included: alcohol consumption (aldehyde dehydrogenase 2: ALDH2) ( 4 ), obesity (adrenergic, β -3-, receptor: ADRB3) ( 5 ), atherosclerosis (5,10-methylenetetrahydrofolate reductase [NADPH]: MTHFR) ( 6 ), glycometabolism (peroxisome proliferatoractivated receptor γ : PPARG) ( 7 ), water-electrolyte metabolism (guanine nucleotide binding protein [G protein], β polypeptide 3: GNB3) ( 8 ), lipometabolism (cholesteryl ester transfer protein, plasma: CETP) ( 9 ), and cellular behavior (gap junction protein, α 4, 37 kD: GJA4) ( 10 ) . Based on their effects on gene expression or protein structure (Table 1) , we chose seven common variants of these causal genes.
Methods

Subjects
The EH group consisted of 261 EH patients diagnosed according to the following criteria: sitting systolic blood pressure (SBP) > 160 mmHg and/or diastolic blood pressure (DBP) > 100 mmHg on three occasions within 2 months after the first blood pressure reading. None of the subjects were using antihypertensive medications. Subjects diagnosed as having secondary hypertension were excluded. We also studied 271 normotensive (NT) healthy subjects as controls. None of the NT subjects had a family history of hypertension, and they all had an SBP < 130 mmHg and a DBP < 85 mmHg. A family history of hypertension was defined as a prior diagnosis of hypertension in grandparents, uncles, aunts, parents, or siblings. Daily alcohol intake was assessed by an interviewer. The frequency of drinking during a typical week and the alcohol intake on each occasion were determined and used to calculate the alcohol intake per week, which was then divided by 7 to obtain the average alcohol intake per day. Subjects were asked to estimate their alcohol intake based on "gou" (180 mL), a traditional Japanese drinking unit; a "gou" of Japanese sake contains 20 g of ethanol, while a similar amount (180 mL) of Japanese "shochu" contains 50 g of ethanol, a medium-sized bottle of beer (550 mL) contains 22 g of ethanol, two single shots of whiskey (60 mL) contain 20 g of ethanol, and a glass (120 mL) of wine contains 12 g of ethanol.
Both the EH patients and the NT control subjects were recruited from the northern part of Tokyo, and informed consent was obtained from each individual according to a protocol approved by the Human Studies Committee of Nihon University.
Biochemical Analysis
Plasma total cholesterol and high-density lipoprotein (HDL) cholesterol concentrations and serum creatinine and uric acid concentrations were measured at the Clinical Laboratory Department of Nihon University Hospital using previously described methods ( 11 ) .
Genotyping of Single Nucleotide Polymorphisms
After consulting public databases, including PubMed and Online Mendelian Inheritance in Men (OMIM), we selected 7 causal genes that have been characterized and whose association with alcoholism, obesity, diabetes, lipid levels, salt intake, and other metabolic factors has been suggested. We further selected 7 common variants of these genes located in the exons or splice donors that might be expected to affect the function or expression of the encoded protein (Table 1) . We examined the relationship between the genotypes of these genes and hypertension in the study's 532 participants.
Blood samples were collected from all participants, and genomic DNA was extracted from the peripheral blood mononuclear cells by standard procedures. Genotyping was performed using an Assays-on-Demand ® and Assays-onDesign kit (Applied Biosystems, Branchburg, USA) ( 12 ) . Both kits included TaqMan PCR. In the 5 ′ nuclease assay, discrimination occurs during the polymerase chain reaction (PCR) because allele-specific fluorogenic probes, when hybridized to the template, are cleaved by the 5 ′ nuclease activity of Taq polymerase. The cleavage leads to increased emission of a reporter dye that otherwise is quenched by the dye TAMRA. Each 5 ′ nuclease assay requires two unlabeled PCR primers and two allele-specific probes. Each probe is labeled with a reporter dye at the 5 ′ end and TAMRA at the 3 ′ end. Both VIC and FAM were used as reporter dyes. The PCR method was done using the TaqMan Universal Master Mix (Applied Biosystems) in a 25 μ L final reaction volume containing (final concentrations) 50 ng DNA, 700 nmol/L primer, and 100 nmol/L probe. The thermal cycling conditions were: 95°C for 10 min, then 50 cycles of 92°C for 15 s, and finally 60°C for 1 min. Thermal cycling was performed using the GeneAmp 9700 system. Each 96-well plate contained 80 samples of unknown genotype and four reactions with reagents but no DNA. The homozygote and no-DNA control samples were necessary for the SDS 7700 signal processing, as outlined in the TaqMan Allelic Discrimination Guide (Applied Biosystems). Direct sequencing or single-stand conformation polymorphism (SSCP) was used to confirm control sample genotypes. The PCR plates were read on the ABI 7700 instrument using the end-point analysis mode of the SDS version v16.3 software package (Applied Biosystems). Genotypes were determined visually based on the dye-component fluorescent emission data depicted in SDS's X-Y scatter-plot. Genotypes were also determined automatically by the software's signal processing algorithms. The results of each scoring method were saved in two separate output files and compared later.
Statistical Analysis
The data are presented as means±SD. The Hardy-Weinberg equilibrium was assessed using χ 2 analysis. The overall distribution of alleles was analyzed using 2 × 2 contingency tables, and the distributions of the genotypes between EH patients and NT subjects were tested using a two-sided Fisher's exact test. Statistical significance was established at p< 0.05. Differences in clinical data between the EH and NT groups were assessed by analysis of variance (ANOVA) followed by Fisher's protected least significant difference (PLSD) test.
To assess the contributions of the confounding factors, we performed logistic regression analysis with hypertension as a dependent variable and the following independent variables: body mass index (BMI), alcohol consumption status (0= nondrinker, 1= drinker), metabolic variables (0= no history of either diabetes mellitus or hyperlipidemia; 1= positive history of either), and genotype of each single nucleotide polymorphism (SNP; no susceptibility homozygote + heterozygote= 0, susceptibility homozygote= 1). The p value, odds ratios, and 95% confidence intervals (CIs) were calculated. Differences in alcohol consumption as continuous variables between genotypes were analyzed by one-way ANOVA. A p value of less than 0.05 was considered statistically significant. Statistical analyses were done using SPSS software for Windows, version 12 (SPSS Inc., Chicago, USA).
Results
The clinical characteristics of the EH patients and the NT subjects are shown in Table 2 . The SBP, DBP, BMI, plasma total cholesterol concentrations, and pulse rate were significantly higher in the EH group than in the NT group. No significant differences in age, serum creatinine concentration, or serum uric acid concentration were observed between the two groups. Male subjects with EH had a higher prevalence of diabetes mellitus and were more likely to drink alcohol, but the prevalence of hyperlipidemia was not significantly different between EH and NT in men.
The distributions of the genotypes and alleles of each SNP 
in the 261 EH patients and 271 NT control subjects are displayed in Table 3 . The overall genotype distributions of the ALDH2 (Lys504Glu) and GNB3 (C825T) variants were significantly different between the groups. The overall genotype distributions of other SNPs did not differ significantly. Among men, the allelic distributions of ALDH2 and CETP genes were significantly different between the groups. The distribution of the ALDH2 genotype was also significantly different between drinkers and those who drank rarely or never (p< 0.001). The ALDH2 genotype was significantly associated with alcohol consumption overall among both males and females (Fig. 1) .
A logistic regression analysis was done using variables that showed significant differences in the association studies: BMI, a history of diabetes mellitus, level of total cholesterol, smoking, ALDH2 and GNB3 genotypes, etc. The odds ratios, 95% CIs, and p values are shown in Table 4 . Overall, BMI, smoking, and the GG (Glu/Glu) genotype of ALDH2 were independent risk factors for EH. There was no interaction between the ALDH2 genotype and alcohol consumption overall among either males or females. In men, the odds ratio for the presence of hypertension for the GG (Glu/Glu) genotype of ALDH2 compared with the other genotype was 1.93 (95% CI = 1.12-3.31). In women, only BMI was significantly associated with EH.
Discussion
Hypertension is a common phenotype that is considered a multifactorial trait. In concert with environmental or biological factors, genetic factors are thought to raise or lower blood pressure (3) .
Approximately 50% of hypertensive patients are salt-sensitive; their blood pressure increases in response to sodium intake or volume expansion. The mechanisms that underlie salt sensitivity have not been completely elucidated, although there is evidence that they may be genetically determined. The C825T genetic variant of the GNB3-which is the C-to-T base substitution in exon 9 of the gene that results in the protein lacking 41 amino acids-is considered a genetic risk for developing salt-sensitive hypertension (13) . The frequency of GNB3/825T has been found to be significantly higher in the Japanese population than in the Caucasian population (8) . Our results showed that the C825T genotype of GNB3 was significantly different between the EH and control groups (p< 0.05). This suggests that the GNB3 gene variant is associated with EH in the Japanese population.
The relationship between alcohol consumption and blood pressure elevation is well documented (14) . Although the mechanism is not clear, it may be mediated partly by the speed of alcohol metabolism, the types of alcoholic beverages consumed, the regularity of drinking, and nutritional status. In the present study, the prevalence of a drinking habit was significantly higher in the EH group in men than in the NT group in men. ALDH2, the second enzyme of the ethanol metabolic pathway, converts acetaldehyde to acetic acid and plays a major role in acetaldehyde detoxification. A deficiency of ALDH2 activity results from a single nucleotide (G-to-A) substitution at codon 504, which produces a Glu→Lys change at position 504 on the β-subunit and causes the isozyme to be inactive (15) . ALDH2 enzyme inactivation plays a major role in producing unpleasant symptoms after drinking, such as facial flushing, palpitations, headache, vomiting, and sweating. A study of racial differences in alcohol sensitivity demonstrated that about 50% of Japanese and Chinese populations had a defect in ALDH2 enzyme activity (16) .
Those with the AA genotype of ALDH2 have a high intolerance to alcohol and do not generally drink alcoholic beverages. In contrast, ALDH2 heterozygotes have an intermediate tolerance and drink about half as much as GG (Glu/Glu) homozygotes overall. However, ALDH2 heterozygotes attain substantially higher blood concentrations of acetaldehyde if they drink alcohol (17) . Thus, the ALDH2 variant can affect drinking behavior by affecting alcohol metabolism. In our experiment, the ALDH2 genotype actually affected the The interaction between the ALDH2 genotype and alcohol consumption were analyzed. amount of alcohol consumed (Fig. 1) . Few drinkers had the AA genotype of ALDH2. Although our data showed that subjects with the GG (Glu/Glu) genotype were more likely to have a drinking habit and a higher prevalence of hypertension, the logistic regression analysis revealed that the GG (Glu/Glu) genotype was an independent risk factor for EH overall and especially for EH in males. There was no interaction between the ALDH2 genotype and alcohol consumption overall or in male subjects. Finally, our results suggest that the ALDH2 genotype is associated with EH independently of alcohol consumption.
Several studies in Japan have examined alcohol drinking in relation to hypertension (18) (19) (20) . Two recent reports examined the relationship between ALDH2 genotypes and hypertension in the general population. Amamoto et al. found no causal relationship between hypertension and the ALDH2 genotypes per se after excluding some confounding factors, particularly alcohol drinking, in the general population (21). Takagi et al. determined the influence of the ALDH2 genotypes on blood pressure in a large cohort in a populationbased study (the Suita study) (22) . The results of that study also revealed that the GG (Glu/Glu) genotype was a potent risk factor for high blood pressure among men, and that the ALDH2 genotype does not affect sensitivity to alcohol's effect on blood pressure. Both investigations were performed in a general population in Japan, while our study design was a case-control association analysis using EH cases. Although many case-control studies have used logistic regression analysis (23) , such analysis in case-control studies using population stratification can sometimes yield highly significant results (24) . Therefore, in our study, it would be unwise to hastily conclude that the GG (Glu/Glu) genotype is a powerful factor independent of alcohol consumption for EH. Unexpectedly, the effect of the ALDH2 genotype on blood pressure or hypertension was almost the same in Takagi's results (22) as in our study. Thus, this result is very interesting for identifying EH susceptibility genes beyond lifestyle factors such as drinking.
Recently, the enzyme activity of ALDH2 has been reported to prevent acetaldehyde-induced cell injury via extracellular signal-regurated kinase (ERK)1/2 and p38 mitogen-activated protein (MAP) kinase in human vein endothelial cells (25) . Moreover, it was reported that ALDH2 catalyzes mitochondrial bioactivation of nitroglycerin by the formation of a reactive nitric oxide-related intermediate that activates soluble guanylate cyclase (26) . This may explain why ALDH2's effect on blood pressure or vessel dilation is independent of alcohol consumption.
Genetic association studies have identified genes associated with gender-specific susceptibility to EH (27) . The underlying reason for the present study's finding of a positive association between EH and the ALDH2 genotypes in men is unclear. Female hormones may act to protect women from developing high blood pressure (28) .
Further research involving studies with more detailed data may help clarify the unresolved interaction between alcohol consumption levels and patterns, the relevant ALDH2 genotypes, and hypertension.
